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In  r ec en t  yea r s ,  w i re l es s  s enso r  ne two rks  (WSNs)  have  ga ined  wor ldwide  
a t t en t ion  d r iven  b y  advances  i n  min i a tu r iz ed  ha rdwa re ,  and  mot iva t ed  b y a  
vas t  a r ra y o f  po t en t i a l  app l i ca t i ons .  A  W SN i s  composed  b y man y low-cos t  
s enso r  modu les  w i th  l im i t ed  memory,  comput ing  cap ab i l i t y  and  ener gy  
resources .  Ther e  a r e  s t i l l  man y r esea r c h  cha l l enges  i n  W SN,  espec i a l l y  i n  t he  
aspec t  o f  mu l t i po in t  t r ansmis s ion  p ro tocol .  In  man y p a r t i cu l a r  app l i ca t i ons  
such  as  t r a f f i c  c on t ro l  s ys t em,  au tomat i c  gu ided  ve h ic l e  s ys t em,  e t c . ,  
w i re l es s  s enso r  modu les  have  to  s ense  t he  t a r ge t ’ s  s t a t e  i n fo rmat ion  such  as  
speed ,  acce l e r a t i on ,  r e s t  power  o r  fue l ,  pos i t i on ,  e t c . ,  an d  then  ex chan ge  the  
s t a t e  i n fo rmat ion  wi th  a l l  t he  o the r  modu les  o r  i n f ras t r uc tu re  i n  r ea l  t ime .  
The  mul t i po in t  t r ansmis s ion  i s  r equ i red  fo r  da t a  ex changin g ,  and  i t  i s  
commonl y pe r fo rmed  in  a  mob i l e  mul t i hop  pa t t e rn .  However ,  des ign in g  such  
a  t r ansmis s ion  p ro tocol  based  on  t he  l ow-cos t  WSN module  i s  a  gr e a t  
cha l l enge .  The  con ven t iona l  p ro toco l s  i n  l ow-cos t  so lu t i ons  such  as  Zigbe e  
over  IEEE802 .15 .4  a re  no t  su i t ab l e  fo r  such  a  mul t i po in t  app l i ca t i on  o f  
mobi l e  W SN due  to  t he i r  l ow per fo rma nce .  Hence ,  p ropos ing  new p ro toco l  t o  
ach i eve  h igh  ene rg y e f f i c i enc y an d  h igh  t r ansmis s ion  e f f i c i enc y fo r  
mul t i po in t  t r ansmis s ion  in  W SN i s  t he  r esea rch  t a rge t .  
F i r s t l y,  ene r g y i s  t he  mos t  impor t an t  concerns  o f  W SN s ince  senso r  
modu les  u se  ba t t e r i e s  a s  t he  power  supp l y i n  mos t  cases .  Conven t iona l  
b roadcas t  based  p ro tocol s  cos t  h igh  power  consumpt ion  a l t hough  the y a r e  
eas y t o  be  imp lemen ted  fo r  mu l t i po in t  t r ansmis s ion  b y  low-cos t  wi re l es s  
s enso r  modules .  Recen t  r e sea rch  ind i c a t es  t ha t  t he  ne twork  l i f e t ime  o f  W SN 
can  be  s ign i f i can t l y  p ro longed  b y red uc ing  the  r edundan t  t r ansmis s ion  da t a  
i n  t he  ne twork .  In  t h i s  r e sea r ch ,  t he re  a re  two  rese a rch  s ub jec t s  t o  improve  
the  energ y e f f i c i en c y o f  t he  ne twork  based  on  b roadcas t .  One  i s  t o  r educe  t he  
r edundan t  b roadca s t i ng  da t a  f rom th e  sou rce  nodes .  T he  o the r  one  i s  t o  
dec rease  t he  amoun t  o f  i n t e rmed ia t e  nodes ’  fo rward ing .   
Second l y,  t r ansmis s ion  e f f i c i enc y i s  a no the r  ke y i s sue  fo r  t he  p ro toco l  i n  
WSN.  In  man y app l i ca t i ons  fo r  de t e c t i on  s ys t ems ,  t he re  i s  a  h igh  requ i remen t  
fo r  t he  t r ansmis s ion  de l a y.  As  a  con ven t iona l  med ia  ac ces s  con t ro l  (MAC)  
l a yer  p ro toco l ,  t ime  d iv i s ion  mul t i p l e  acces s  (TDMA) i s  wide l y used  in  t he  
WSN.  However ,  i t  adopt s  t he  cons t an t  t imes lo t  a s s ign men t  wh ich  canno t  
adap t  t o  t he  d yn amic  t r a f f i c  f l ow o f  t he  ne twork .  I t  l eads  t o  muc h  
unneces sa r y wa i t i ng  t ime  when  the  t r a f f i c  f l ow i s  l e s s  t han  the  t imes lo t  
a s s ignmen t .  There f o re ,  a  h i gh  e f f i c i en t  t r ansmis s ion  i s  des i r ed  fo r  t he  de l a y  
sens i t i ve  app l i ca t i on  o f  W SN b y reduc i ng  the  r edundanc y i n  t ime  domain .   
Chapte r  1  [ In t roduc t ion]  Th i s  chap te r  b r i e f l y  i n t roduces  the  overv i ew o f  
WSN and  the  cu r r en t  r e sea r ch  s t a tus  o f  t he  t r ansmis s ion  t echno logies  fo r  
WSN.  The  resea r c h  t a r ge t  o f  mul t i po in t  t r ansmis s ion  i s  d i s cussed  as  we l l .  
F ina l l y ,  t he  ob j ec t i ve  and  scope  o f  t he  r esea rch  i s  p resen t ed .  
Chapte r  2  [ Energ y  e f f i c i en t  s ys t em da t a  sha r ing  p ro toc o l  fo r  mu l t i po in t  
t r ansmis s ion  in  W SN]  In  t h i s  chap te r ,  an  on -demand  d yn amic  mul t i hop  da t a  
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shar ing  (On-Dema nd DMDS)  p ro toco l  i s  p roposed  to  improve  the  energ y  
e f f i c i enc y o f  ne two rk  b y reduc in g  the  r edundan t  b roadcas t i ng  i n  sou rce  node .  
Wi re l es s  s enso r  ne twork  (WSN)  i s  ene rg y r es t r i c t ed  i n  mos t  cases .  Des i gn in g  
an  ener gy- e f f i c i en t  and  re l i ab l e  t r ansmis s ion  p ro toco l  fo r  a  mob i l e  mul t ihop  
WSN is  a  gr ea t  cha l l en ge  s ince  t he  t opo log y o f  t he  ne tw ork  changes  r ap id ly.  
Some conven t iona l  mul t i po in t  t r ansmiss ion  p ro toco l s ,  such  as  s ynchronou s  
d ynamic  mul t i hop  da t a  sha r ing  (S - DMDS)  p ro toco l  a s s ign  each  node  t o  
b roadcas t  da t a  b l i nd l y.  H ence ,  much  redundan t  b roadca s t  i s  gene ra t ed  an d  
much  unneces sa r y ener g y i s  consumed .  The  p roposed  p ro tocol  emplo ys  t he  
on -demand  mechan i sm to  r educe  t he  r e dundan t  b roadcas t i ng  i n  sou rce  nodes .  
On-demand  mechan i sm as s igns  node  to  b roadcas t  da t a  acco rd ing  to  the  r ea l  
demand b y de t ec t i n g  whe the r  t he re  i s  changed  da t a  t ha t  ne eds  t o  be  b roadcas t  
and  how much  cha nged  da t a  needs  t o  be  b roadcas t .  Ther e fo re ,  t he  amoun t  o f  
da t a  b roadcas t  t o  t he  ne twork  i s  s i gn i f i can t l y r educ ed .  Fu r the rmore ,  a  
ne ighbor  node  t ab l e  and  a  r epor t  mec han i sm a re  i n t roduced  to  p rompt  a  no de  
to  check  i t s  ne ighb ors ’  s t a tus  i n  t he  mobi l e  s i t ua t i on .  T he  resu l t s  show tha t  
under  a  cons t an t  a r r i va l  r a t e ,  On-De mand DMDS pro toco l  r educes  t he  t o t a l  
t r ansmis s ion  da t a  o f  the  ne twork  to  12 .7% and  ex t ends  t he  ne twork  l i f e t ime  
to  9 .2  t imes  a t  mos t ,  i n  compar i son  wi th  t he  conven t iona l  mul t i po in t  
t r ansmis s ion  p ro toco l  S -DMDS pro toco l .  As  a  summar y o f  t h i s  chap te r ,  a  
nove l  mul t i po in t  t r ansmis s ion  p ro toco l  On-Demand  DMD S i s  p roposed  and  i t  
i s  p roved  tha t  t he  p roposed  p ro toco l  r educes  t he  r edun dan t  b roadcas t  da t a  
and  improves  t he  e nerg y e f f i c i enc y r e markab l y.  
Chapte r  3  [ Mul t i po in t  r e l a y wi th  energ y aw areness  f o r  s ys t em da t a  
sha r ing  p ro toco l  i n  W SN]  A mul t i po in t  r e l a y wi th  ener g y-aw areness  
(EA-MPR)  fo r  s ys t em da t a  sha r ing  p r o tocol  i s  p resen t ed  in  t h i s  chap te r .  I t  i s  
abb rev i a t ed  as  EA MPR-SDS p ro toco l .  The  p roposed  p ro toco l  a ims  to  improve 
the  ener g y e f f i c i en c y o f  t he  ne twork  b y op t imiz ing  the  da t a  fo rward in g  in  
i n t e rmed ia t e  node s .  Be cause  t he  r edundan t  fo rward ing  p rob lem in  
conven t iona l  fo rward ing  method  cause s  low ener g y e f f i c i enc y,  t he  p roposed  
p ro toco l  emplo ys  EA-MPR to  r educe  t he  r edundan t  fo rwa rd ing  in  t he  ne twor k .  
I t  a s s igns  t he  s end ing  node  to  de c ide  wh ich  o f  i t s  ne igh bors  t o  fo rward  th e  
da t a  on  the  bas i s  o f  t he  in fo rmat ion  o f  1 -hop  ne ighbors ’  r e s t  ene r gy as  we l l  
a s  t he  2 -hop  ne igh bor  i n fo rmat ion .  There fo re ,  i n s t ead  o f  a l l  t he  nodes  i n  
ne twork ,  on l y a  subse t  o f  nodes  (MPR nodes )  i s  s e l ec t ed  t o  fo rward  the  da t a  
and  s t i l l  gua ran t e e  comple t e  ne two rk  connec t iv i t y .  Fu r the rmore ,  ene r gy  
consumpt ion  o f  t he  MPR nodes  i s  au tomat i ca l l y  ba l an ced  b y the  ener g y  
awareness  mech an i sm.  The  s imula t i on  resu l t s  p rove  tha t  t he  r edundan t  
fo rward ing  da t a  i n  EAMPR-SDS i s  much  l e s s  t han  tha t  i n  On-Demand  DMDS 
and  S -DMDS whic h  adopt  conven t iona l  fo rward ing  me thod .  In  compar i son  
wi th  t he  On-Deman d  DMDS,  t he  t o t a l  t r ansmis s ion  da t a  i s  r educed  to  52 .46% 
and  the  ne twork  l i f e t ime  i s  ex t ended  to  3 .4  t imes  a t  mos t .  As  a  summar y o f  
t h i s  chap te r ,  a  new  fo rward ing  op t imiz ed  p ro toco l  EAMPR-SDS i s  p ropose d  
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fo r  the  mul t i po in t  t r ansmis s ion  p ro toco l  i n  WSN and  i t  i s  p roved  tha t  t he  
p roposed  p ro tocol  e f f i c i en t l y  r educes  t he  amount  o f  r e dundan t  fo rward ing  
and  fu r the r  improves  t he  ener gy e f f i c i enc y.   
Chapte r  4  [ H ybr id  MAC fo r  h igh  e f f i c i en t  mu l t ipo in t  t r ansmis s ion  in  
WSN]  A h ybr id  MAC i s  p roposed  on  the  bas i s  o f  EA-MPR fo r  mul t i po in t  
t r ansmis s ion  p ro toco l  i n  W SN.  The  new p ro toco l  i s  abb rev i a t ed  as  
HMAC-EA-MPR-SDS p ro toco l .  I t  a ims  to  impro ve  the  t r ansmis s ion  
e f f i c i enc y o f  t he  conven t iona l  TDMA,  wh ich  i s  adop ted  in  t he  abo ve  
mul t i po in t  t r ansmis s ion  p ro toco l s ,  v i a  r educ ing  the  r edundanc y in  t im e 
domain .  Conven t iona l  TDMA ass igns  a  cons t an t  t imes lo t  fo r  a l l  nodes  t o  
b roadcas t  da t a .  However ,  each  node  has  d i f f e ren t  de mand to  occup y the  
t imes lo t  s i nce  some  o f  nodes  have  to  fo rward  o the r  node s ’  da t a  and  some o f  
nodes  j u s t  b roadca s t  t he i r  own  da t a .  Conven t iona l  TDMA leads  t o  much 
was t ed  t imes lo t  and  low t ransmis s ion  e f f i c i enc y.  In  t he  HMAC-EA-MPR-SDS 
p ro toco l ,  a  sho r t  t imes lo t  TDMA is  i n t roduced  fo r  each  n ode  to  b roadcas t  i t s  
own  da t a .  Meanwhi l e ,  t he  fo rward in g  nodes  (MPR nodes )  a re  a l so  s e l ec t ed .  
Af t e r  t ha t ,  a  h igh  s peed  ac ces s  method  ( t oken  cha in )  i s  p r oposed  fo r  t he  MPR 
nodes  t o  fo rward  da t a  t h rough  the  who le  ne twork  e f f i c i en t l y .  H ence ,  t h e  
p roposed  method  can  improve  the  acc e s s  e f f i c i enc y o f  ne twork .  Addi t i ona l l y ,  
a  r e s t a r t  mechan i sm i s  emplo yed  fo r  dea l ing  wi th  d yn amic  t opo log y and  
ba l anc ing  the  ener g y consumpt ion  o f  MPR nodes .  The  s imula t i on  resu l t s  
p rove  tha t  HMAC-EA-MPR-SDS p ro toco l  can  ach i eve  a  much  l e s s  
t r ansmis s ion  de l a y and  h ighe r  ne twork  sca l ab i l i t y i n  compar i son  wi th  a l l  t he  
above  mul t i po in t  t r ansmis s ion  p ro toco l s .  Fo r  ex ample ,  t he  t r ansmis s ion  de l a y  
i s  r educed  to  18 .4% a t  mos t  i n  compar i son  wi th  On-De mand  DMDS pro toc o l .  
As  a  summar y o f  t h i s  chap te r ,  a  nove l  h ybr id  MAC based  on  the  EA-MPR i s  
p roposed  fo r  t he  mul t i po in t  t r ansmis s ion  in  W SN and  i t  i s  p roved  tha t  t he  
p roposed  p ro toco l  can  s ign i f i can t l y  r e duce  t he  t r ansmis s ion  de l a y and  i t  can    
ach i eve  a  h igh  e f f i c i en t  mu l t i po in t  t r a nsmis s ion  in  W SN.  
Chapte r  5  [ Conc lus ion]  In  t h i s  chap te r ,  t he  conc lus ion  i s  d rawn  and  the  
fu tu re  work  o f  t he  r esea rch  i s  p resen t e d .  
Th is  r e sea r ch  concen t ra t es  on  p ropos ing  mul t i po in t  t r ansmiss ion  
p ro toco ls  fo r  t he  mob i l e  mul t i hop  WSN wi th  ener g y e f f i c i enc y and  
t r ansmis s ion  e f f i c i enc y.  A  nove l  on -demand  mechan i sm i s  p roposed  to  
improve  the  ener g y e f f i c i enc y b y  reduc in g  the  amount  o f  r edundan t  
b roadcas t  da t a  i n  t he  sou rce  nodes .  An  op t imiz ed  f o rward ing  method  
EA-MPR is  p rese n t ed  t o  improve  the  ener g y e f f i c i enc y fu r the r  b y  
dec reas in g  the  amoun t  o f  r edundan t  fo rward ing  as  we l l  a s  b y ba l anc in g  the  
ener g y consumpt ion  o f  t he  fo rward ing  nodes .  A  new h ybr id  MAC based  on  
EA-MPR is  p roposed  to  ach i eve  a  h igh  e f f i c i en t  t r ansmiss ion  b y reduc in g  
the  r edundanc y in  t ime  domain .  These  p roposa l s  a re  f avor ab l e  con t r ibu t ions  
fo r  t he  mul t i po in t  t r ansmis s ion  app l i ca t i ons  o f  mobi l e  mul t i hop  W SN. 
 
